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After RAN1#99 meeting, it has been declared all the Rel-16 RAN1-led WIs as finished from RAN1 perspective. In RAN1 100 e-meeting, contribution were submitted for maintenance of Rel-16 NB.
In this contribution, summary of the issues regarding multiple TB scheduling for NB-IoT was discussed.
Discussions
 Scheduling gap (issue #1)
Some issues regarding scheduling gap for SC-PTM are raised in [1], [2] and [3]. In previous RAN1 meetings, the following agreement about a RRC configured scheduling gap after each TB was made.

	Agreement
For multicast, a scheduling gap can be inserted after each TB, where the gap length is configurable between {0, 16, 32, 64, 128} subframes. The configuration is per cell.



And the following agreement about a 20ms gap inserted every two TBs was also made. The purpose is for UE processing needed at receiver. 
	Agreement
If RRC configured scheduling gap is zero, for multicast, for UE processing at receiver, 
· If R>=12, no gap is inserted
· R is the number of subframes of each of the NPDSCH
· Otherwise, a 20msec gap is inserted every 2 TBs




In both [1] [2], it is pointed out the currently the gap after the last TB should be removed. Also, both [1] [2] pointed out the scheduling gap can be used to support backward compatibility. The contributions also explain that backward compatibility can be achieved by utilizing the scheduling gap. However, since currently the scheduling gap is inserted after the TB transmission, there is no scheduling gap to use for the legacy scheduling of the first TB. 
Issue #1.1
Considering putting the gap before the TB transmission will solve both issues (removing the wasted gap after the last TB and support backward compatibility), it is proposed:

Proposal 1: For SC-MTCH multiple TBs scheduling, the RRC configured scheduling gap is inserted before each TB transmission. 

Issue #1.2

There is also the issue of collision of legacy DL gap and Rel-16 scheduling gap. In [1], the following is proposed:
Proposal 2:  For SC-MTCH multiple TBs scheduling, if Rmax≥Ngap,threshold and RRC configured scheduling gap collides with DL gap, overlapped scheduling gap is postponed with NPDSCH transmission.
Proposal 3: For SC-MTCH multiple TBs scheduling, if Rmax≥Ngap,threshold and 20ms gap inserted every two TBs collides with DL gap, overlapped part of the 20ms gap is counted as part of DL gap.

Issue #1.3

In [3] it is pointed out the second agreement above has not been captured. Also in [3], it is pointed out the default value needs to be clarified if multi-TB-SC-MTCH-scheduling-gap-config is not present. It is proposed the value should be 0. 

Proposal 4: The default value for multi-TB-SC-MTCH-scheduling-gap-config is equal to 0 if multi-TB-SC-MTCH-scheduling-gap-config is not present.

The following TP capture the first three proposals.

TP for TS 36.213
---------------------------------------------- Start of Text Proposal ------------------------------------------
-------------------------------------------- Unchanged parts omitted -----------------------------------------
16.4.1	UE procedure for receiving the narrowband physical downlink shared channel
A UE shall upon detection on a given serving cell of a NPDCCH with DCI format N1, N2 ending in subframe n intended for the UE, decode, starting in 
-	n+5 DL subframe for FDD, 
-	n+5 subframe for TDD, 
the corresponding NPDSCH transmission in N consecutive NB-IoT DL subframe(s) ni with i = 0, 1, …, N-1 according to the NPDCCH information, where
-	subframe n is the last subframe in which the NPDCCH is transmitted and is determined from the starting subframe of NPDCCH transmission and the DCI subframe repetition number field in the corresponding DCI;
-	subframe(s) ni with i=0,1,…,N-1 are N consecutive NB-IoT DL subframe(s) excluding subframes used for SI messages where, n0<n1<…,nN-1 ,





-	, where the value of  is determined by the repetition number field in the corresponding DCI (see Subclause 16.4.1.3), the value of is determined by the resource assignment field in the corresponding DCI (see Subclause 16.4.1.3), and the value of is determined by the number of scheduled TB field, if present, in the corresponding DCI,  otherwise,




[bookmark: OLE_LINK4]-	k0 is the number of NB-IoT DL subframe(s) starting in DL subframe n+5 for FDD or subframe n+5 for TDD, until DL subframe n0, where k0 is determined by the scheduling delay field () for DCI format N1, and k0 = 0 for DCI format N2. For DCI CRC scrambled by G-RNTI, k0 is determined by the scheduling delay field () according to Table 16.4.1-1a, otherwise k0 is determined by the scheduling delay field () according to Table 16.4.1-1. The value of is according to Subclause 16.6 for the corresponding DCI format N1,

-	for , and NPDSCH corresponding to an NPDCCH with DCI CRC scrambled by C-RNTI,

-	if the UE is configured with higher layer parameter multi-TB-DL-Unicast-Interleaving-config, and NPDSCH corresponding to a NPDCCH with DCI CRC scrambled by C-RNTI, and 



-	NB-IoT DL subframes  with  are associated with TBr+1 , 
-	otherwise,



-	NB-IoT DL subframes  with  are associated with TBr+1 , 

-	for , and NPDSCH corresponding to an NPDCCH with DCI CRC scrambled by G-RNTI,
-	if multi-TB-SC-MTCH-scheduling-gap-config is equal to 0 and , a gap of 20ms is inserted after every 2 TBs,
-	otherwise, a scheduling gap with a length equal to the indicated value of multi-TB-SC-MTCH-scheduling-gap-config is inserted before each TB.
If the scheduling gap overlaps with the NPDSCH transmission gap defined in TS 36.211, the overlapped part of the scheduling gap is postponed until not overlapping with the transmission gap.
If the 20ms gap inserted after every 2 TBs overlaps with the NPDSCH transmission gap defined in TS 36.211, the overlapped part of the 20ms gap is also counted as the NPDSCH transmission gap. 


Table 16.4.1-1: for DCI format N1.
	

	


	
	

	


	0
	0
	0

	1
	4
	16

	2
	8
	32

	3
	12
	64

	4
	16
	128

	5
	32
	256

	6
	64
	512

	7
	128
	1024




Table 16.4.1-1a: for DCI format N1 with DCI CRC scrambled by G-RNTI.
	

	


	0
	0

	1
	4

	2
	8

	3
	12

	4
	16

	5
	32

	6
	64

	7
	128




 -------------------------------------------- Unchanged parts omitted -----------------------------------------
 ----------------------------------------------- End of Text Proposal ------------------------------------------







Symbol counter reset ( issue #2)
In [1], it is pointed out that the current specification may need further clarification about symbol reset operation. The wording “transmission” would introduce ambiguity as it may be interpreted as the transmission of each TB or the transmission of NTB TBs. The following change is proposed:

---------------------------------------------- Start of Text Proposal ------------------------------------------
-------------------------------------------- Unchanged parts omitted -----------------------------------------
10.1.5	SC-FDMA baseband signal generation
-------------------------------------------- Unchanged parts omitted -----------------------------------------


where   is the number of transport blocks defined in 16.5.1 of 3GPP TS 36.213 [4]. If  >1 and interleaving between codewords is applied according to clause 16.5.1 of 3GPP TS 36.213 [4], then the symbol counter  is reset at the start of the transmission of  NPUSCH codewords and incremented for each symbol during the transmission. For other cases, the symbol counter  is reset to 0 at the start of each NPUSCH codeword transmission and incremented for each symbol during the transmission of the NPUSCH codeword.
-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------


Proposal 5 : Adopt the text change proposal for symbol reset.   

Editorial correction (issue #3)
Some editorial changes are proposed from [3] [4] and listed in this section. It is proposed to adopt these changes.
Issue #3.1
Text proposal for 36.211 section 10.1.5:


where   is the number of transport blocks defined in 16.5.1 of 336.213 [4]. If  >1 and interleaving between codewords is applied according to clause 16.5.1 of 3GPP TS 36.213 [4], then the symbol counter  is reset at the start of the transmission and incremented for each symbol during the transmission. For other cases, the symbol counter  is reset to 0 at the start of each NPUSCH codeword transmission and incremented for each symbol during the transmission the NPUSCH codeword.


Issue #3.2
Sect. 16.4.1 of TS36.213 


“for , and NPDSCH corresponding to an NPDCCH with DCI CRC scrambled by C-RNTI, 

-	if the UE is configured with higher layer parameter multi-TB-DL-Unicast-Interleaving-config, and NPDSCH corresponding to a NPDCCH with DCI CRC scrambled by C-RNTI, and 



-	NB-IoT DL subframes  with  are associated with TBr+1 , 
-	otherwise,



-	NB-IoT DL subframes  with  are associated with TBr+1 , ”

Issue #3.3

Text proposal for 36.213 section 16.4.2:
The UE shall upon detection of a NPDSCH transmission ending in NB-IoT subframe n intended for the UE and for which an ACK/NACK shall be provided, start, after the end of 

-	DL subframe for FDD,

-	 NB-IoT UL subframes following the end of n+12 subframe for TDD,
transmission of the NPUSCH carrying ACK/NACK response, and SR (if any) if the serving cell is FDD and the UE is configured with higher layer parameter sr-with-HARQ-ACK-Config, using NPUSCH format 2 in N consecutive NB-IoT UL slots, where

-	, where 

-	the value of is given by the higher layer parameter ack-NACK-NumRepetitions-Msg4 configured for the associated NPRACH resource for Msg4 NPDSCH transmission, and higher layer parameter ack-NACK-NumRepetitions otherwise, 

-	the value of  is the number of slots of the resource unit (defined in clause 10.1.2.3 of [3]), and 





-	if the UE is not configured with higher layer parameter multi-TB-HARQ-ACK-Bundling, then , otherwise ,  otherwise, where the value of is determined by the number of scheduled TB field, if present, in the NPDCCH corresponding to the NPDSCH, otherwise  otherwise,


Issue #3.4

Text proposal for 36.213 section 16.6:
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or multi-TB-Unicast-config and if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k,
-	the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1 if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the number of scheduled TB field, if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1, otherwise the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1 otherwise; and
· the UE does not expect to receive a DCI Format N0 before subframe n+k-2 for which the corresponding NPUSCH format 1 transmission ends later than subframe n+k+255 if the corresponding NPDCCH with DCI format N0 schedules one transport block. 
-	for TDD, and if the corresponding NPUSCH format1 transmission ends in subframe n+m, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.
otherwise
-	if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1. 
-	for TDD, if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission ends in n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k.
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or multi-TB-Unicast-config
-	and if the NB-IoT UE detects NPDCCH with DCI Format N1 or N2 ending in subframe n, and if a NPDSCH transmission starts from n+k, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1 
-	if the corresponding NPDCCH with DCI format N1 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the number of scheduled TB field, if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1; 
-	otherwise, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1 otherwise;
otherwise
-	if the NB-IoT UE detects NPDCCH with DCI Format N1 or N2 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1.

Proposal 6 : Adopt the proposed editorial changes.  
Conclusion
In this contribution, the following pro.
Proposal 1: For SC-MTCH multiple TBs scheduling, the RRC configured scheduling gap is inserted before each TB transmission. 
Proposal 2:  For SC-MTCH multiple TBs scheduling, if Rmax≥Ngap,threshold and RRC configured scheduling gap collides with DL gap, overlapped scheduling gap is postponed with NPDSCH transmission.

Proposal 3: For SC-MTCH multiple TBs scheduling, if Rmax≥Ngap,threshold and 20ms gap inserted every two TBs collides with DL gap, overlapped part of the 20ms gap is counted as part of DL gap.

Proposal 4: The default value for multi-TB-SC-MTCH-scheduling-gap-config is equal to 0 if multi-TB-SC-MTCH-scheduling-gap-config is not present.

Proposal 5: Adopt the text change proposal for symbol reset.  
Proposal 6: Adopt the proposed editorial changes.  

Reference
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